
l'he L'irtual Pltinctriry Laboratory (VPL) is ii rccently funded 5-yr project. Lvhich seeks to 
improse our unde r s t~nd in~  of the range of plausthlc environments and the likely 
signatures for Itfe o n  extrasolar terrestrial planets. To tichic\.e these goals tve are 
dcvcloprng a surte of innovative inoclcfmg tools to siniulatc the envircinmcnts and spectra 
of cxmsotar planets. The core of  the VPL IS a coupled rtidi:ttrve i r a ~ ~ s f ~ r / c l i ~ ~ ~ c /  
chemistry model. \ r W h  is augmented by interchangeable modules which characterize 
geolog~cat, erogenic, atmospheric escape. and life processes. The VPL is v;ilidated usrng 
data dcrivcd from ten-estriat plancis kvithin our cnvn solar system. The VPL will tie used 
i o  cxcplorc the ptrtusihte r a n g  of atmospheric corrqmitions and globally ascraged spectra 
for cstrasolar planets and for early Earth. and v i p i l l  improve our u n d ~ r ~ t ~ n ~ i ~ ~  of the 
effect 01 lite on  ti planet's atmospheric spectrum and composition. The models !vi11 also 
hc used ro orcatc a comprchcnsivc spectral catalog to provide r ~ c o ~ n m ~ n d ~ t i o ~ ~  on the 
opt~murn \vu\ elcngth range, spectral resolution, and instrument sensitivity required to 
ckar;ictcriIc extrasolar tet-restn~ll planets. Although dcveloped by our  team, the VPL i s  
envisioned to he ;I cc~mprchensrve and flcrtihle tool. \*.hich can bc ooflahoratively used by 
thc br-oridcr pianctary science and astrcibiulogy communities. This prescntation will 
dcscr-ihc rhe pr-qect concept, the tasks i n t  ol\.cd, and will outline cumnt progress to date. 
This .r\cltrk i s  ftindcd by the XASA Astrobiology Institute. 







* Environmental Characteristics 

0 Photometric properties and variability 

0 Remote-sensing spectroscopic analysis 

- parent star, placement in solar system, moons, other planets 

- t h e  presence of an atmosphere and its bulk chemical composition 
- the nature of the ~ ~ j t ~ i n ~ / ~ e f l ~ ~ t i n g  layer and its wavelength 

dependent optical properties (albedo, thermal emissivity, 
temperature) 

above that surface 
- atmospheric pressure at the “surface”, and total atmospheric mass 

- atmospheric structure (vari~tion of T and P with altitude) 
- trace gas mixing ratios and their spatial resolution 
- temporal variations, phase and seasonal variations 

Astronomical Biosignatures 
- photometric, spectral or temporal features indicative of life. 
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*The Mid-lR 
- easiest for nulling-interferometry 
- sensitive to molecular absorption 
- gets us a s t ra igh t fo~ar~  

deter~ination of the size of the planet 
- sensitive primarily to the stratosphere, 

compromised by high clouds 

*The visible (and "3) 
- achievable with coronagraphs 
- direct detection of O2 and many other 

molecules 
- more robust to clouds, NIR can also 

penetrate "clouds" 
- sensitive to both atmospheric and 

surface signatures 
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* Life Finder (NASA) 
- chemical signatures 

of life 

9 Planet Imager 
(NASA) 
- spatial resolution on 

the disk of a planet a 
I few liaht vears awav 
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The “Instantaneous” Habitable Zone 

Images courtesy of J.F.Kasting. The Continuously Habitable Zone 
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Chemical compositions must be self-consistent 
Calculations should be performed in a self-consistent manner 
- atmospheric structure and chemistry need to be coupled 

Results need to be over a large spectral range (previously solar 
and near infrared ~ a v e l ~ ~ g ~ h s  tended to be neglected) 
M ~ l t i p l ~  scattering by clouds and aerosols should be treated 
realistical ty 
D e t ~ ~ ~ ~ b i l i t y  in a disk average needs tu be explored 
The effects of a t t ~ n ~ ~ t i o n  by zodiacal dust and l i ~ i t a t i ~ n s  in 
instrum~nt performance must be considered. 
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Stromatolites may be a remnant of the Archean world. Built by the growth of layer upon 
layer of p ~ o t o s y n t h ~ t i ~  cyanobacteria, these colonies may have been the only life on 
Earth for 2Gy. With the advent of metazoan “grazers” they became uncommon, but extant 
stromatoMes are found in a few places such as Shark Bay, Australia where the high 
salinity of the water inhibits predatory life. (Photo M. Martin, Deakin Univ.) 



Constructed with five successive 
tasks. 
*Each task produces a range of 
synthetic spectra to identify habitable 
planets or potential biosignatures, 
and to derive astronomical 
i n s ~ r u ~ ~ n t a t i ~ n  r ~ q u i r ~ m ~ n t s .  

*The VPL will: 
- improve modeling methods, inputs and 

c~m~utat ional  efficiency. 
- cover a broad range of wavelengths 
- consider planets other than Earth, 

around stars other than out- Sun. 
- include non-oxygen producing life 
- ultimately provide a comprehensive, 

flexible tool which can be used by a 
broader co m mu n it y . 

Atmospheric 
and surface 
optical 
properties 

- Stellar 
Spectra 
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Whittet v. Cohen Spectra - F2V 

3500 5500 

wavtzlength (A) 
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~ "A star is not a 
1 : blackbody". 

-Martin Cohen 
Whittet VS. Cohan Spectra - K2V 

Accurate UV spectra are 
i m p o r t ~ ~ t  for p h ~ t o c h ~ m i ~ a l  
models 

wavelengths impacts climate 
Accuracy at longer 
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models and atmospheric structure 
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Simulating the radiation field (Crisp) 

Multiple Scattering Model 
Gas Absorption 

Resolve the spectral dependence of gases, cloud, 
aerosols, surface albedos and radiation sources. 

- Line-By-Line model for 1R vibration-rota~ion bands 

- UV Absorption: DeMore et al. (1 992) 
* lncludes absorption by H,O, CO,, O,, N,O, CH,, and 0, 

* Single Scattering Optical Properties of Clouds and 
Ae roso I s 
Lambert surfaces with wavelength dependent 
albedos 

! 
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SPECTRAL RADIA~CE 

Variations in trace gas 
abundances associated with 
d iff eren to ,  a bu nda nces produce 
a range of distinctive spectral 
features at in the reflected stellar 
radiances and in the emitted 
thermal radiances. 
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I I 0-5xo, 

aHigh-r~solu~ion spectral radiances 
computed for each model atmosphere 

- Stellar i i l u ~ i n a t ~ ~ n  spectrum 
- Thermal emission spectrum 

.All spectra shown for 
- Global Average atmospheres 
- Cloud-free conditions 

- Dark ocean surface 
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M~deling self-consistent 
atmospheres for plan e ts 
around other stars 

9 Producing spectra of these 
cases 
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